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(54) ELECTROCHEMICAL TOXIC GAS SENSOR 

(57)Abstract: 

PURPOSE: To provide a sensor having high mechanical 
strength by applying the constitution that electrically 
separated working and inverted electrodes are 
communicated to each other in an ionic way via an 
electrolyte. 

CONSTITUTION: A plurality of titanium grooved pins 54 
function as electrical passages, and further function as 
electrical contacts with an external electrode as well. An 
electrode table 56 with lower space formed as a liquid 
electrolyte pocket is inserted in a housing 50. In addition, 
platinum foil leads are welded to the pins 54 and bent 
vertically. Then, the leads are bent back on an inverted 
electrode 60 laid on the table 56. Also, a reference 
electrode 64 is provided on the inverted electrode 60 via 
a separator 62. Furthermore, the tab of a separator 66 
formed on the reference electrode 60 draws the liquid 
electrolyte from the pocket, and connects all electrodes 
in an ionic way. Also, the remaining platinum foil leads 
are bent back to the separator 66 and a working 
electrode 68 is provided on the lower surface of a gas permeable porous membrane 70. This 
membrane 70 functions as a heat seal for the upper part of the housing 50 and retains the liquid 
electrolyte filled through a small hole 52. According to this construction, each electrode is 
communicated in an ionic way and the liquid electrolyte does not leak due to the titanic 
oxidation of the internal surface of the grooves of the pins 54, thereby enhancing mechanical 
strength. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The above-mentioned two electrodes are electrochemical poisonous gas sensors 
characterized by what was connected through the electrolyte in ion although it dissociated 
mutually electrically including housing, a working electrode, a reverse electrode, the liquid 
electrolyte in housing, the gas porosity film that holds a liquid electrolyte in housing, each 
electric contact for electrodes which passes housing, and the slot which is established in electric 
contact and serves as a path for electric rolling. 

[Claim 2] The path for electric conduction is an electrochemical poisonous gas sensor containing 
the fluting pin made from noble metals according to claim 1. 

[Claim 3] The path for electric conduction is an electrochemical poisonous gas sensor containing 
the fluting pin made from half-noble metals according to claim 1. 

[Claim 4] A fluting pin is an electrochemical poisonous gas sensor according to claim 3 which 
consists of a metal group which consists of mixture containing titanium, a tantalum, zirconiums, 
these alloys and these one sort, or two sorts or more of metals. 

[Claim 5] The electrochemical poisonous gas sensor according to claim 1 which has a gas 
permeability film and holds a liquid electrolyte in housing. 

[Claim 6] The electrochemical poisonous gas sensor containing the reference electrode arranged 
between a working electrode and a reverse electrode according to claim 1. 

[Claim 7] The path for electric conduction is an electrochemical poisonous gas sensor containing 
the fluting pin made from noble metals according to claim 6. 

[Claim 8] The path for electric conduction is an electrochemical poisonous gas sensor containing 
the fluting pin made from half-noble metals according to claim 6. 

[Claim 9] A fluting pin is the electrochemical poisonous gas sensor according to claim 8 made 
from the metal group which consists of mixture containing titanium, a tantalum, zirconiums, these 
arbitrary alloys and these one sort, or two sorts or more of metals. 

[Claim 10] The above-mentioned two electrodes are electrochemical poisonous gas sensors 
characterized by being connected in ion with an electrolyte although it dissociated mutually 
electrically including housing, a working electrode, a reverse electrode, the liquid electrolyte in 
housing, each electric contact for electrodes that passes housing, and a gas permeability film. 
[Claim 11] A gas permeability film is an electrochemical poisonous gas sensor according to claim 
10 which consists of thin films of the copolymer of perfluoro-(the 2 and 2-dimethyl -1, 3 JIOKI 
SOL) and a tetrafluoroethylene. 

[Claim 12] A gas permeability film is an electrochemical poisonous gas sensor according to claim 
10 which consists of thin films of polyethylene, a polytetrafluoroethylene, or a fluorination 
ECHIREREN propylene copolymer. 

[Claim 13] A gas permeability film is an electrochemical poisonous gas sensor according to claim 
10 which consists of thin films of a fluorination silicone copolymer. 

[Claim 14] A gas permeability film is an electrochemical poisonous gas sensor according to claim 
10 which consists of copolymers of silicone and a polycarbonate. 

[Claim 15] For a gas permeability film, a working electrode is an electrochemical poisonous gas 
sensor according to claim 10 arranged so that toxic gas may pass a gas permeability film, before 



reaching a working electrode including a gas porosity film. 

[Claim 16] A working electrode is an electrochemical poisonous gas sensor according to claim 15 
which adjoined the gas permeability film and has been arranged. 

[Claim 17] A working electrode is the electrochemical poisonous gas sensor according to claim 
10 prepared on the inside of a gas permeability film. 

[Claim 18] A liquid electrolyte is the electrochemical poisonous gas sensor according to claim 10 
chosen from the group which consists of an aquosity acid electrolyte, an aquosity neutral 
electrolyte, and an aquosity alkaline electrolyte. 

[Claim 19] An electrolyte is the electrochemical poisonous gas sensor according to claim 10 
which consisted of a non-aquosity organic solvent and a salt. 

[Claim 20] An electrolyte is the electrochemical poisonous gas sensor according to claim 10 
which consisted of non-aquosity inorganic acids. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] , . 

[Industrial Application] this invention relates to the electrochemical poisonous gas sensor used 
for detection of various poisonous gas, such as a carbon monoxide, chlorine, a hydrogen cyanide, 
a hydrogen sulfide, a nitrogen dioxide, and a sulfur dioxide. 

[0002] , , . . , . . . 

[Description of the Prior Art] In a typical electrochemical gas sensor, the gas which should be 
measured is diffused in a working electrode through a gas porosity film, and a chemical reaction 
occurs here. The form, speed, and efficiency of this chemical reaction are controlled by voltage 
to which the diffusion rate and working electrode which reach the matter used for constituting a 
working electrode and a working electrode are set to a reference electrode, i.e., another 
electrode. Usually, although a working electrode is set up by the potentiostat circuit, it is not 
necessarily limited to a potentiostat circuit by the necessary mode of operation. In a reverse 
electrode, the chemical reaction produced in a working electrode and a supplementary chemical 
reaction occur. The current between a working electrode and a reverse electrode is proportional 
to the concentration of the gas measured. An ion conductive-liquid electrolyte contacts all 
electrodes, and maintains a charge balance in a sensor, this kind of sensor — the [ U.S. Pat _No. 
4,132,616, No. 4,324,632, No. 4,474,648, and / European Patent application ] — it is indicated by 
0 496 No. 527A1 specification 

[0003] The exploded view of the well-known electrochemical gas sensor used for detection of a 
carbon monoxide is shown in drawing 1 . The reverse electrode 2 of platinum is arranged at the 
inside pars basilaris ossis occipitalis of the sensor housing 4 in the case of the assembly of this 
kind of sensor. The reverse electrode 2 usually contains the gas porosity films 3, such as go tex 
(Gortex : tradename) or JITEKKUSU (Zitex : tradename), next, the ring with which the gold 
plated collector 6 gold-plated in housing 4 — the circumference of the reverse electrode 2 
contacting — the lower part in the up housing 4 of a collector 6 — it is arranged so that it may 
begin to be extended through a hole (drawing ellipsis) The O-ring 8 is arranged in housing 4 and 
the main spacer 10 is arranged at the upper part of the O-ring 8. 

[0004] Although it is insulation electrically after arranging the above-mentioned parts in the 
regular position, the porous separator 12 is arranged in the main spacer 10, and the wick 14 is 
further arranged on separator 12. Suitably, this wick is a dumbbell type and is made from the 
porous polyethylene or porous polypropylene beforehand processed so that a hydrophihc 
property might be given, next, the 2nd O-ring 16 — the main spacer 10 top — arranging — the 
2nd gold plate collector 18 — the upper part of the O-ring 16 — a tab — the center of housing 
4 — it arranges so that it may project from a hole (drawing ellipsis) Next, the reference 
electrode 20 of platinum which has a feed hole 22 is arranged on a collector 18 so that electric 
contact may be performed. Following the upper part of a reference electrode 20, a spacer 26 and 
separator 28 are arranged for the 3rd O-ring 24. Separator 28 is similar with separator 12. 
[0005] the upper part of the assembly of the above [ the 3rd gold plate collector 30 ] 
arranging — the tab — the upper part of the housing 4 of a sensor — it is made to project from 
a hole (drawing ellipsis) The working electrode 32 of platinum is arranged on a collector 30. A 



working electrode 32 is similar with the reverse electrode 2, and has gas porosity films such as 
^S'SS^Ien-ne) or JITEKKUSU (Zitex : tradename). A front face ,s .turned for a 
working electrode 32 down, a front face is turned up and a reverse electrode « .nserted. 
FOOOS The se-or entrance assembly 34 containing the baffle 36 which decreases the 
convection current is pushed in on the above-mentioned accumulation object .e a stack, and 
SSJ^pS^in of *• sensor housing 4 is formed. The retaining ring 38 .s .nserted ,nto 
^he slot 4C I o? the upper part section of housing 4, and all the structures are ma.nta.ned under 
the ime p^ur,, NVthe tab of the collector which penetrates the hole o the flower part a 
center and the upper part, and begins to be extended is bent to the outer wall o housing 4 and 
narat'l and **** namely, heat seals in this outer wall. Next, the zone around the dub wh.ch 
pene rates the above-men ioned hole in housing 4, and projects is covered w.th a Mrophob.c 

^ration near the bottom of the housing 4 after an 
a hole 42 pass, is filled up with an ion conductivity water sulfunc-ac.d electrolyte, and, next, 



closes with a plug 44 
[0007] 



Prob em(s) to be Solved by the Invention] The poisonous gas sensor us.ng the above-mentioned 
composTt on has some faults. It is a high manufacturing cost accompanying use a 
brse number used for this sensor, the assembly of a sensor, heat sealing and a hydrophobu: 
encapsubnt Moreover, the high cost of noble metals, such as gold used for a collector, needs to 
use 5, multilayer lead wire which is easy to break, since this kind of lead w.re is not firm . 
needs to protect to mechanical abuse, and you have to hold the external electncal .nstallat.cn 
which is simultaneously reliable. Even if it uses a gasket or O-ring, and a hydrophobic 
Tn^nlulant an electrolyte tends to leak the sensor of this form by exposure to prolonged use 
S« trfo^re. Usually, exsorption of the liquid electrolyte which uses an aquosrty 
sulfur^ acid not only falls the performance of a sensor, but it damages the mach.ne by wh.ch the 
sensor is Lnged The height of another fault of this form is with a bird clapper at a large mold 



m008] O T r hrabove poisonous gas sensors shown in drawing! have the low permeability of the 
Snown rna^er to gas or a steam, or they do not use the film of gas permeab.l.ty .n order not 
rotr^picalpoisonL 

Z^^^tt^^™^ ^e>rom PTFE (po.ytetrafl-.ene). and 
have a hotewith a countless diameter of several microns like a microscope. These holes usually 
rpach about 60 - 70% of the geometric area of a gas porosity film. 

K»S] Although the electrochemical poisonous gas sensor made from the gas poros,ty film 
E! l many purposes of use, it is known that there are some fau t. For example, ,n 
manv cases the porosity of a gas porosity film restricts selection of the quality of the liquid 
SsSwSl solution. Even if it uses such acid so.ution, there .s a possibihty that 
an electrolyte may ooze out for the pressure differential to a sensor. 

[0010] Mo reover a steam evaporates quickly as temperature and hum.dity change. For th.s 
eason, it is necessary to leave space in the main part of a sensor of a <^.n^«*J 
electrolyte reservoir. For this reason, the complexly of a sensor .ncreases and .t becomes 
Targe-sized unfairly. Moreover, since it changes with electrolytic P H, the potenfal of rthe 
reference electrode in a sensor also changes. If the drift of the potenfal of a reference 
electrode produces a zero drift and this sensor is used in a mach.ne, a span dnft and a humidrty 
comp-satbn problem will generate it moreover, aerosol, a particle and ™S TO. 
porous film - fine - a hole is passed easily and the electrode for detection ms damaged This 
injury problem produces a fall slow to a sensor output with the passage of time, it is destroyed 
chemically and a sensor becomes use impotentia. 

[0011] An appearance of an electrochemical poisonous gas sensor wh.ch does not have the 
aforementioned fault for the above-mentioned reason .s des.red. 

[0012] Then, a mechanical strength can manufacture the purpose of th.s ^ ^ 

cheaply, and is to offer the electrochemical poisonous gas sensor used for detect.on of var.ous 
poisonous gas. 



+i« norositv film that holds a liquid electrolyte in housing, each electric contact tor 

made from noble metals, or half-noble metals. A fluting pin consists of a metal group which 
consist of mixture con aining titanium, a tantalum, zirconiums, these arbitrary alloys ,an i these 
one sort orTwo sorts or more of metals. In the example of this invention, an electrochemical 

Has a gas permeability film, and holds a liquid 
Moreover, a reference electrode is arranged between a working electrode and a reverse 

electrode adjoins a gas permeability film, is arranged, and is prepared on the ms.de of a gas 
TeZt^L. A Nquio electrolyte is chosen from the group , J^J- * » 

electrolyte an aquosity neutral electrolyte, and an aquos.ty alkaline electrolyte. An electrolyte 
consists of a non-aquosity organic solvent and a salt, or a non-aquos.ty morgan.c acd. 

[Function] The electrochemical poisonous gas sensor by this invention is equipped with electric 
contact which passes housing and carries out each electrode pair to housing, a working 
electrode^ a reverse electrode, the liquid electrolyte in housing and the gas .porosity film that 
holds a liquid electrolyte in housing. Electric contact has the electrical ™AkW path 
equipped with the slot, this invention has a reverse electrode suitably. When not ^usm the 
separated reference electrode, a reverse electrode functions as a reference electrode 
COO M to orZZ make suitably the required electric contact which reaches each electrode m 
sensor housing from the outside of a sensor, the pin made from non-noble metals with a slot is 
used EspeciX this is required when using quality of aqueous electrolysis, such as a sulfunc 
add J for a sensor! Suitably, sensor housing is made from plastic matena. and a fluting non-noble 
metals pin is embedded as an insertion. 

r001 71 The electrochemical poisonous gas sensor of this invention can also use a gas 
Sl^^S^d of a'gas porosity film as a main boundary layer betweer , the , pc ~ 
gas which should be detected, and the contents of an electrochemical ^^^T^ 
Since a hole does not exist in this film, before gas diffuses a gas permeability film through the 
fimLtte it is matter which dissolves the film matter. This is a different point from a gas 
poToTiS fi m and is directly diffused through the membranous hole hke a 
fatter A gas permeability film can be directly arranged on the conventional working e ectrode 
wh ch is a gas porosity film. With this composition, a gas permeability film is heat sealed ,n the 
upper Pa^ oi sensor housing with the gas porosity film of a working electrode, or carries out the 
seal of the periphery to housing with other conventional equipments like 0-r.ng seal. In the 
suftable example of this invention, it is used for the 2nd gas permeab.l.ty film carry.ng out the 
seal of the pars basilaris ossis occipitalis of sensor housing. 

So 8] electrocatalysis matter, such as platinum used for forming a working electrode - a gas 

permeab Hty film top - direct - or it adheres adjacently If this method is chosen, a gas 

no oS film is completely omissible. The laminating of the gas permeability film is earned out to 

^e ^ porosfty film with which electrode materia, was beforehand covered by the whole surface 

by direct heat as an exception method. 

[0019] 



[Example] Hereafter, the suitable example of the electrochemical poisonous gas sensor by this 
invention is explained about drawing 1 - drawing 7 . 

[0020] The suitable example of the electrochemical poisonous gas sensor of this invention 
assembled to detection of a carbon monoxide is shown in drawing 2 . This electrochemical 
poisonous gas sensor has the housing 50 made from plastic material, such as polyethylene, and a 
stoma 52 is formed in a pars basilaris ossis occipitalis. It is used for a stoma 52 adding a liquid 
electrolyte between assembly. This electrochemical poisonous gas sensor has two or more pins 
54 made from fluting titanium again, and a pin 54 is suitably embedded as an insertion in the 
housing 50 made from plastics. A pin 54 serves as a path for electric conduction, and constitutes 
inter-electrode electric contact of the interior of housing 50, and the exterior of an 
electrochemical poisonous gas sensor. It is arranged in housing 50, the table 56, i.e., the shelf, ot 
an electrode. Suitably, a table 56 is made from housing 50 and analogous flexibility plastic 
material, and as shown in drawing 3 , it is supported by the regular position with four tabs 58, i.e., 
a support The electrochemical component part of this electrochemical poisonous gas sensor is 
accumulated on the upper part of a table 56. The space of the lower part of a table 56 is used as 
a reservoir of a liquid electrolyte. 

[0021] Between the assembly of an electrochemical poisonous gas sensor, the electrode table 
56 is inserted into the housing 50 made from plastics. Spot welding of the inactive metal lead 
(drawing ellipsis) of electrical conductivity, such as a split of the platinum foil with a thickness ot 
about 0 007mm (3 mils), is carried out to the upper part of the titanium pin 54, and it is bent 
perpendicularly. The reverse electrode 60 is turned on the electrode table 56, a front face is 
turned up it arranges, and the electric contact with good bend return is formed for the 1st 
suitable platinum-foil lead on the reverse electrode 60. Next, separator 62 is arranged in the 
upper part of this assembly, i.e., an assembly. Next, the reference electrode 64 of platinum is 
arranged on separator 62, the 2nd suitable platinum-foil lead is folded, and the assembly of a 
return lever is made to contact The 2nd separator 66 is arranged on this assembly. Separator 
66 has two or more tabs, and these tabs are caudad extended from the level of the electrode 
table 56 suck up the liquid electrolyte of a reservoir in an electrochemical component, and 
connect in ion the electrochemical poisonous gas sensor which is in arbitrary directions about all 

electrodes. .. , 

[0022] Next, the remaining platinum-foil lead is returned on the 2nd separator 66. Usually, the 
working electrode 68 of platinum is arranged in contact with the inferior surface of tongue of the 
gas porosity film 70, since the gas porosity film 70 is arranged on this assembly, the gas porosity 
film 70 is exposed to the atmosphere, and a working electrode 68 contacts a platinum-foil lead. 
Next, the gas porosity film 70 is heat sealed by the upper part of the housing 50 made from 
plastics Housing 50 has the upper surface reversed and it fills up with a liquid electrolyte like 
sulfuric-acid solution through a stoma 52. A gas foam wafer is suitably arranged on a stoma 52, 
and it heat seals in housing 50. Each above-mentioned electrode and above-mentioned 
separator are similar with the thing explaining drawing 1 . 

[0023] Next, the electrochemical poisonous gas sensor of this invention is arranged in outside 
housing (drawing ellipsis), and by compressing an electrochemical component, this outside 
housing improves the electric contact of a platinum-foil lead to an electrode, makes the minimum 
air flow sensitivity and a control temperature security demand, improves signal linearity and 
homogeneity, and adjusts output sensitivity. Although outside housing is not similar with housing 
4 and the entrance assembly 34 which are shown in drawing 1 , it is smaller than this. Suitably, 
the hole of outside housing of the working-electrode upper part is wrapped in the 2nd gas 
porosity film, and a liquid prevents flowing into an electrochemical poisonous gas sensor. The 
electrochemical poisonous gas sensor is wide opened to evapotranspiration of the steam by the 
gas porosity film used, and gas. . 
[0024] Since the titanium pin in an electrochemical poisonous gas sensor is wrapped in an oxide 
with the passage of time, a liquid electrolyte wets an oxide layer and chemical combination does 
not exist between the titanium pin 54 and the polyethylene housing 50, disclosure of a liquid 
takes place to the outside of housing 50. It is clear what happens if a titanium pin without a slot 
is used. However, by the electrochemical poisonous gas sensor of this invention, it was 



^covered in practice that disclosure of 

considered to be based on ox.d.zafon on the front ^ wi „ become slow after fixed 

conduction path, or [ that the of a I -qu-de, e y^ ^ ^ j _ ft ^ 

initial time if a fluting electnc conduct-on path like ,z flut. g section of a pin> and 

that or it stops The titanium ox.de lay* ^72 »*™£bM> occipitalis of the neck of 

as shown in dj^wmgA -t -ncreases len* » a ^the pars bas a ^ 54 5s 
the 1st slot 74. This phenomenon « ^ent A titanium oxide layer can observe 

picked out from the housing 50 made from , polyethy ene ; A .„ housing . A titanium ox.de 

leaving the upper part of the pm 5 * e * P ^ as 3 pin beC ° meS 

layer continues generat.cn wrth.n the hou .ng 50 ^ de P ^ inc Y reases the effective 
in the 1st slot 74. It is thought that growth , of *.a . o» ^d-z-ng -on ossjs 
diameter of a pin 54. The force applied w.th the p. diameter .n w ^ ^ agajnst 

zone between the slots 74 and 76 in the ^2n 4 1 slot 76. ^ 
[0025] The electrochemical poisonous gas sensor -of this mvent „_ known 
easily, and its manufacturing cost -s far ^^ a » an electrochemical 

piir.r^ is easier parts than the 

collector used now. „ anaMe > disclosure generated through O-ring seal of an 

* 0 5^. C - SO C 

repetitive temperature change either. invention is not limited to the structure 

[0027] The electrochemical poisonous gas sensor J^J^T^ or the electrode beyond 
of having three electrodes, but can also ^^JZ^^^r is not limited to 
this. Moreover, although housing of an ^^T^T^ and must be the material in which 

butadiene rubber), and a polycarbonate electrical conductivity path are sticky, and 

[0028] The other materials wh.ch can be used for a > e'ectncal co non _ noble me tals or 

orm a strong oxide film, therefore are water ac.c ^ s \ ind of ha , f - nob | e metals 
the alloy which is not corroded at the [ for example. ] the 

are a barrel tongue and a z.rcon.um b ^ d ^TZl ZL^ and iridium are inactive, and do 

rir^^ The pin of the half " 

noble metals plated with noble metals can also be ; used conduction path, two or 

[0029] Although it is thought that a s.ngle slot s require i « e'ec ^ ^ ^ 

more slots are desirable. Various co ^;£ on ^ the configuration of a V type 

electrochemical poisonous gas sensor **^^^_^„ rf the slot shown in drawing 

:£z£Ez l z 3c m a t ] srr^^ u — h housing, ^ . 

&n b :r a-- ^ PTPE 
electrochemical poisonous gas sensor shown -n dr»ii 



film for example, the film of PTFE with a thickness of 0.006mm (1/4 mil), g.ves sufficient gas 
permeability for sensing of poisonous gas. In a certain examination, it has arranged on the porous 
fifm oTthe electrochemical poisonous gas sensor which shows a 0.006mm PTFE film to dro^ng 
2 O-ring has been arranged on this film. Next, outside housing has been arranged around this 
assembly O-ring was compressed, and the seal of the film was carried out from the surrounding 
gas transport with O-ring. The following working electrode was set to 0.00 volts using the cheap 
potentiostat. In air, it was left for 1 0 minutes and the base current was stabilized. Gas 
concentration was adjusted to precision **10% using the flowmeter, the taction to the carbon 
monoxide of an electrochemical poisonous gas sensor was examined, and the data otthe 
following table 1 were obtained. 
[0031] 
[Table 1] 

coasts ta**> UkAl 

0 -0.02 



114 



0.4 4 



206 °- 84 
2 8 1 1-0 8 

468 1-54 



5 15 

5 6 2 



1.6 5 
1.77 



6 34 1-90 

6 87 2. 1 0 

7 36 2.1 7 
7 9 2 2,2 5 



8 5 8 



2.4 5 



8 8 3 2.5 0 

9 5 1 2.7 0 
1 0 30 2.90 

[0032] As shown in drawing 5 , when it plotted, this data was alignment in all within the limits of 
the carbon monoxide which this electrochemical poisonous gas sensor stud.ed within the limits 
of the experimental error. The electrical output of this electrochemical poisonous gas sensor 
was an about 2.8nano A [/ppm ] carbon monoxide. 

[0033] In 1 set of 2nd experiments controlled further, the potentiostat of PAR model #363 was 
used by the same electrochemical poisonous gas sensor, and the potential to the reference 
electrode of a working electrode was set to 0.000 volts. The proportionality distributor wh.ch has 
**2% of precision was used, 5.14% of carbon monoxide was mixed by various concentration 
among air and air, and 300 cc flow rate for /was maintained simultaneously. The data shown in 



Table 2 were obtained. 




[0034] 




[Table 2] 


*y+tol3 (a a) 




0 


-0, 1 


0. 1 7 


5.0 


0.34 


9. 2 


0,6 9 


1 8. 3 


1.3 7 


3 6.4 


2.0 6 


54.6 


2.7 4 


7 3.3 


3.43 


9 0.8 


4. 1 1 


1 0 9 


4.45 


1 2 2 


4.8 0 


1 3 2 


4.9 7 


1 3 6 


5. 1 4 


14 2 



[0035] When plotted like drawing 6 , that it is alignment in all the studied density ranges made 



this electrochemical poisonous gas sensor clear. The electrical output of this electrochemical 
poisonous gas sensor was well in agreement with the result of Table 1 at about 27 
microamperes / percent CO. 

[0036] The output of this electrochemical poisonous gas sensor was studied as a function of the 
quantity of gas flow of CO 5.14% in air, and the data of Table 3 were obtained 
[0037] 
[Table 3] 

«£» (cc/Vin) -feV^mrt UA) 

0 - 

10 13 2 

2 0 13 5 

40 13 7 

SO 13 8 

16 0 140 

3 0 0 14 3 

[0038] The electrical output of this electrochemical poisonous gas sensor in quantity-of-gas- 

flow zero decreased with exhaustion of a carbon monoxide. However, electrical output was slight 

or 8% of change was recorded by the quantity of gas flow by 10-300 cc/. 

[0039] Next, the response time of the electrochemical poisonous gas sensor to 5.14%CO was 

studied by part for 300 cc/, and the data shown in Table 4 were obtained 

[0040] 

[Table 4] 

WW (#) *>ymfi in a) 

o -o. i 

5 5 2.0 

1 0 8 6.2 
15 1 0 7. 8 

2 5 1 2 4.5 
30 1 30.0 
40 1 34.5 

4 5 1 3 5. 7 

5 0 1 3 6.6 

6 0 1 3 7.6 

7 5 1 3 8.7 
9 0 1 3 9.4 

1 2 0 1 3 9.4 

1 5 0 1 4 0.2 

ISO - 141.6 

240 1 40.2 

3 6 0 1 3 9.2 

5 4 0 1 3 8.8 

6 60 1 3 8.8 

7 2 0 1 3 8.8 
7 8 0 1 3 8.9 
840 1 3 8.8 

[0041] As shown in drawing 7 , when it plotted, the curve limited good was obtained, 90% of final 
output was obtained in 25 seconds, and 97% of final output was obtained in 45 seconds. 
[0042] Although the aforementioned electrochemical poisonous gas sensor and the 
electrochemical poisonous gas sensor according to analogous were made, this electrochemical 
poisonous gas sensor carried out the laminating of the film (namely, gas permeability film) of 
0.006mm (1/4 mil) PTFE to some films of a working electrode by heating. The crystallinity of 
PTFE changed by this processing and permeability decreased. Therefore, the outputs to the 
carbon monoxide of this electrochemical poisonous gas sensor were few, or decreased [ ppm ] in 
0.75nano A /. Moreover, this electrochemical poisonous gas sensor was exposed to H2S of 1.893 
ppm of N2 Naka. The quick response of H2S (4.35 microamperes or 2.3nano A/ppm) was 



obtained 0 The PTFE film of 006 mm was made from KEMUFUABU (CHEMFAB : tradename). 
Th^is not the gas permeability film of ****** available now which has the .chemical stab.hty 
wh ic has sufficient permeability and agrees in ^^^S^£^^ 
For example although 0.003mm PTFE is obta.ned by the KEMUPU last (CHEMPLAb I . 
Rename) and 0 003mm FEP Teflon materia, is obtained with the E. I. du Pont de Nemours 
(DuDont) product, these will also function good. 

K] The materia, which has high gas permeability will generate the large outputFo 
reason it is possible to simplify a potentiostat and a gas-sens.t,ve-detector l.m.t can be made 
ow Alihough it has the chemical stability which is equal to fluoropolymers the material whu* 
^ .Jrnprm^bihtv far higher than PTFE is available now. The examples of such matenal are 
n , pit "l Zc [ Teflon AF^ ana Teflon AF-2400. Such material is the copolymers of perfluoro- 
toS?£^^**^Oai) and a tetrafluoroethy.ene. Teflon AF-1600 are ava.lab.e 
by 0 006 0 012 and the 6.006mm film, and have gas permeability larger about 2 figures than 
PTFT Silicone polymer can also be fluorinated and the material which has s-ulataneously the 
high gas permeaUy of silicone POMA and chemical inactive [ expectab ^ fj^on 
polymer ] is obtained. The material of an and also [ .t .s chem.cal macfve / which ha .gas 
nermeabilitv larger several figures than the film of PTFE, and can moreover be used for 

o stcone Tnd a polycarbonate. It is manufactured at Membrane Pro due s Company and the film 
with a thickness of 0.006-0.06mm is sold with the tradename of MEM-213. MEM 213 are 
available as an ultra-thin film on a microporosity base matenal. 

[0044] The gas permeability data which can match to po.sonous gas do not exist to the above 
mentioned gas permeability film. However, the relative gas permeability of such matenal can be 
presumed from the data to the following oxygen. 

Material Oxygen permeability (centimeter-BARA [centi-barrer]) 

PTFE 420 MEM-213 16,000 Teflon AF-1600 34,000 Teflon AF-2400 The permeability of 99,000 
Teflon AF-1600 and Teflon AF-2400 is fully high, and it should note that the output wh.ch us 
equal to the output obtained by the gas porosity film is obtained by the thin film of th.s matenal. 
[0046] More generally than the electrochemical poisonous gas sensor well -known which 
uses a gas porosity film, the electrochemical poisonous gas sensor wh.ch has a gas pe meab.hty 
fifm between the electrochemical activity portion of equipment and the gas wh.ch shod I be 
sensed is firm. By using a gas permeability film, these electrochemical po.sonous gas sensors 
can bea environmental stress like a shock, a collision, and vibration, and can prevent an 
erectrotytic disclosure. Rather than the electrochemical poisonous gas sensor wh.ch uses a , gas 
porX film, a latus temperature requirement and a pressure range can be borne and these 
electrochemical poisonous gas sensors can function or. them. norn « itv fi | m is 

rnn47l The advantage which uses a gas permeability film instead of a gas porosity t. m is 
completely S«Z case electrolytes, such as acidity, neutrality or an a.kal.ne aquos.ty 
dect dyte '^example, an aquosity acetic acid, aquosity potassium chlor.de or an ao.uos.ty 
poTasl J ^hydroxide'are used. A gas permeability film can be used also 

electrolyte which has an organic solvent and an inorgan.c solvent. On the other hand, .t .s only 
the aquoly aSd electrolyte which can be used for the electrochemical po.sonous gas sensor 
wh.ch has only a gas porosity film. The resistance over environmental abuse carr.es out the 

oAhedectrochemical poisonous gas sensor which uses neutral aquosr* or a 
neutral organic electrolyte for the electrochemical po.sonous gas sensor wh.ch has only a gas 
porosttv L. In the electrochemical poisonous gas sensor which uses only a gas poros.ty film, 
aauositv alkalinity or an inorganic electrolyte cannot be used good. 

004* Hf a ^ aquosity electrode is used for the electrochemical poisonous gas sensor wh.ch has 
ody a ^as perm^ty film, the steam rate of exchange to the atmosphere can be ma e ,nto the 
minimum. When it has the minimum water solubility and uses the ' ° f '° W 

vaoor oressure water exchange can be removed as a matter of fact For th.s reason, the 
^Zt7a rZ Gn ce electrode can be stabilized, and the remarkable fall of the proofread.ng 
frequency can be carried out, and sensitiveness can be fallen. 



[0049] Since a gas permeability film controls the temperature security demand of an 
electrochemical poisonous gas sensor, low sensitiveness can be attained. It is an outstanding 
improvement that the property of a gas permeability film is uniformly maintained with the 
passage of time. If exact temperature **** uses the electrochemical poisonous gas sensor 
which has only a gas porosity film as parts, it is difficult to attain, and the reason is that a 
change of pH shifts reference-electrode potential. 

[0050] If a gas permeability film is used, the obstacle of the electrode for sensing will become 
the minimum, and the reason is that aerosol, a particle, and macromolecule gas do not have 
direct influence on the electrochemical activity portion of an electrochemical poisonous gas 
sensor. For example, salt spraying in marine environment decreases sharply. This not only 
decreases proofreading frequency, but increases the use life of an electrochemical poisonous 
gas sensor. Moreover, electrolytic use can be lessened if a working electrode and a reverse 
electrode are made. For this reason, cost is fallen further and noise level can be fallen. 
[0051] Since the need for complicated separator structure required for sucking of a liquid 
electrolyte is lost in order to secure use of a total position, the electrochemical poisonous gas 
sensor which has a gas permeability film can be expected that the manufacturing cost of an 
electrochemical poisonous gas sensor falls. Moreover, since water exchange becomes the 
minimum, it is eliminable whether the cavernous section which should be taken into consideration 
to a liquid electrolyte, or the size of a reservoir is decreased. For this reason, a poisonous gas 
electrochemical poisonous gas sensor quite smaller than the electrochemical poisonous gas 
sensor used conventionally can be designed. 
[0052] 

[Effect of the Invention] Instead of a gas porosity film, a gas permeability film and a fluting 
electric conduction path are used, it becomes the structure where a mechanical strength is 
compactly high, and the electrochemical poisonous gas sensor by this invention can be used 
without prolonged failure. 



[Translation done.] 



* NOTICES * 

, This d oeu ment has been tranced bv -put.. So the transit ™v not reflect the origina, 

2 r ****shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



ESS^^'S'Si- conventions, eiectrochemica, poisonous gas sense, to a 
SSTn d e e ex P ,oded view of one exa m p,e of the eiectrochemica, poisonous gas sensor by 
l&SSfth. pian o, the eiectrochemica, poisonous gas sensor shown aiong with the Hne 3-3 

example of the electrochemical po.sonous gas .sensor oy 
rp^wingJl The graph of the data shown m Table 1 
[pTaw^Ioi The graph of the data shown m Table 2 
[5^inl7l The graph of the data shown m Table 4 
[Description of Notations] 

50 ... housing 54 ... pin 56 ... an electrode table and 60 



... reverse electrode 62 ... separator 66 ... 
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